We optimized storage conditions and validated a sensitive immunofluorometric assay (IFMA) for unnary gonadotropins. Assay linearity and parallelismfor luteinizinghormone (LH) and follicle-stimulating hormone (FSH) was observed to 0.04 lU/L Urinary LH and FSH were unaffected by changes of osmolarity from 0.5 to 3.0 mOsm/kg, and from pH 4.5 to 10.5. Serum europium is used as the label and time-resolved fluorescence as the detectionmethod (13). The assay is based on a sandwich technique in which two mAbs are directed against two separate sites on the gonadotropin molecule (13). In this way the intact molecule is measured, unlike polyclonal RIAs, in which isolated subunits may also be measured.
IndexIng TermB: luteinizing hormone/follicle-stimulating hormone/ sample handling Urine has been used as an alternative body fluid for gonadotropin studies in children and adults for many years (1-11). Collection is simple and suitable specimens can be stored for use in long-term studies. Using urine instead of serum for long-term endocrinological studies precludes the need for repeated venipuncture and oral iron therapy and increases compliance and volunteer availability. Long-term gonadotropin studies are therefore more feasible.
The ability to link antibodies to enzymes or fluorescent chelates led to the development of ELISAs and assays based on the use of immunofluorescent monoclonal antibodies (mAbs); these assays are easier to perform than those used previously, and they do not require radioactive isotopes europium is used as the label and time-resolved fluorescence as the detectionmethod (13). The assay is based on a sandwich technique in which two mAbs are directed against two separate sites on the gonadotropin molecule (13). In this way the intact molecule is measured, unlike polyclonal RIAs, in which isolated subunits may also be measured.
Furthermore, IFMAs require very small volumes (25 fLL) of samples compared with the volumes required for RIA (100-250 iL), and the kinetics of the reaction allow for a broad calibration curve and a wide range of sample concentrations without need for dilution.
We undertook the present investigation to validate urinary measurement of gonadotropins while taking advantage of the desirablesensitivity, specificity, and nonradioactivity of the DELFIA system. Linearity, parallelism, storage time, pH, and osmolarity effects, and a comparison of serum and urine gonadotropin measurements were all investigated.
Materials and Methods Assays
The DELFIA (Pharmacia Wallac, Gaithersburg, MD) gonadotropin assay is a solid-phase, two-site IFMA based on the sandwich technique, in which two highaffinity mAbs (IgG derived from mice) are directed against two separate sites on the LH/FSH molecules (13). The first mAb is immobilized on the plate and directed against the $ subunit of the respective glycoprotein molecule, conferring specificity.
The europiumlabeled second mAb is directed against the a subunit common to several glycoprotein hormones and all gonadotropins.A europium label is used because of its large Stoke's shift (>250 nm); its long fluorescence decay time (>iO times longer than average background fluorescence) enhances sensitivity (14) . The LH assay used herein has significant cross-reactivity with human chorionic gonadotropin (hCG) (13). The calibrators used allow a broad calibration curve for a wide range of readings.
The sensitivity of the assay is reported as 0.12 lUlL by the manufacturer; however, we found that sensitivity was considerably greater than this (see below).
Intraassay CVs for LH were 3% at 1 lUlL, 2.5% at 5 lU/L, and 2% at 50 lUlL; interassay CVs were 6%, 6%, and 4.5%, respectively. Intraassay CVs for FSH were 2.5% at 1 lU/L, 1.2% at 16 JIJ/L, and 2.4% at 256 lUlL; interassay CVs were 3%, 6%, and 5%, respectively.
Preparationof Samples
Subjects providing urine samples gave verbal informed consent; those providing serum and urine were Predicted dose (ug/L) required to give written and signed informed consent. All studies were approved by the UMDNJ Internal Review Board.
All urine samples were collected from the first morning-voided urine, because of its relative uniformity and high concentration (3,4), and were analyzed within 2 h of collection or refrigerated until assayed that same day. (17) . Briefly, 5 mL of fresh urine was adjusted to a pH of 4.5 with concentrated glacial acetic acid and combined with 11 mL of acetone. The mixture was vortex-mixed, incubated for 30 mm, and centrifuged at 1400g for 10 mm. We discarded the supernate and air-dried the pellet before resuspendung it in assay buffer to its original volume. The suspension was centrifuged at 1400g for 10 mm, and the supernate was collected and aliquoted before assay.
Analytical Variables
Linearity of sample dilution.
Urine samples were serially diluted with the 0 calibrator for LH or with preg-
nancy urine for FSH [we have previously demonstrated
that the urine of women beyond 8 weeks of pregnancy is devoid of immunodetectable FSH (18) ] and the observed Lii and FSH values were compared with the expected values. The original specimens were serially diluted up to 50-fold.
Parallelism. The LER 907 gonadotropin reference preparation (provided by the National Hormone Pituitary Program) was added to a fixed volume of 0 calibrator (Lii) or pregnancy urine (FSH) in concentrations of 40, 4, 0.4, and 0.04 tg'L. LH and FSH were assayed to determine analytical recovery. Dilution curves were compared with the calibration curve in the parallelism study.
Source of Variation

Effect of osmolarity.
To determine the potential effect of urine osmolarity on measured LH and FSH values, we added 1 mL of urine from two volunteers to the followingserialmolaritiesof sodium chloride: 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 molJL. LH and FSH were determined at each molarity in untreated (i.e., without preservative), glycerol-treated, and acetone-extracted urine samples.
Effect of pH. To determine whether variations in urinary pH might affect gonadotropin measurement, we determined with a pH meter the pH of untreated glycerol-treated and acetone-extracted urine from two volunteers.
Hydrochloric acid was added to aliquots of these urines until a pH of 2.5 to 4.5 was obtained. Sodium hydroxide was added to aliquots of urine as needed to achieve a pH of 6.5 to 10.5. Each sample was then assayed for LH and FSH.
Effect of treatment with urea. Urine samples were treated with 6 mol/L urea to dissociate the subunits (19). Samples were then assayed in duplicate with and without added glycerol.
Long-term storage of urine aliquots. First morning voided samples of urine were collected from four volunteers (three premenopausal, one postmenopausal). Each sample was divided into three portions: untreated (without preservative), glycerol-treated, and acetone-extracted. Samples from each treatment group were aliquoted and assayed fresh, or stored at -20#{176}C and assayed weekly for 4 weeks, then monthly for 51 weeks.
Urine vs Serum Gonadotropin Measurements
Daily serum and first-voided urine samples were collected from 11 normally cycling women over the course of an entire menstrual cycle (n = 304 samples). Serum and urine were frozen at -20#{176}C until assayed concurrently. The urine specimens were preserved with glycerol (15 
Statistics
Values are expressed as the mean ± SEM for gonadotropins in the osmolarity, pH, long-term storage, and comparison with serum experiments. The correlation coefficient was determined by linear regression analysis; P <0.05 was considered significant. wide range of osmolarity and pH values (Fig. 2) . There was no significant difference between untreated, glycerol-treated, or acetone extracted samples with respect to susceptibility to adverse pH or osmolarity.
Results
Assay Performanceand Effectsof Storage Conditions
Loss of activity occurred in both assays at a pH of 2.5. Treatment with 6 mol/L urea yielded a 58% loss of activity for LH and an 81% loss for FSH in unpreserved specimens; losses were 66% and 35%, respectively, in the glycerolpreserved samples. Interestingly, glycerol-treated specimens lost lessFSH activity after the urea treatment, whereas no method of urine preservation made any significant difference in the loss of LH activity (data not shown). There was no significant difference in LH/FSH values over 51 weeks' time between the glycerol-preserved (LH 81% ± 7%, FSH 112 ± 4%, observed/expected) and acetone-extracted (LII 112 ± 9%, FSH 112 ± 5%, observed/expected) samples (Fig. 3) less than postmenopausal women (P <0.05). For FSH, however, normal men excreted amounts similar to propubertal and hypogonadotropic subjects, and all three of these groups differed greatly from postmenopausal women (P <0.05).
Serum arid Urine Correlation
A comparison
of mean gonadotropin values in serum and urine revealed an excellent correlation throughout the entire menstrual cycle for both LH and FSH (P <0.01; Fig. 4) . Qualitative reproduction of the serum hormonal patterns was noted in each subject, with clearcut mideycle peaks and a relative exaggeration of the midcycle hormone concentrations, particularly FSH. Although gonadotropin clearance has not been reported to vary with age, we wished to examine whether the relations between serum and urinary assay results differed between older and younger women. Five perimenopausal women (ages 43-48) collected daily serum and urine samples for one cycle. Their correlative data (Fig. 5 ) are quite consistent with the relation between urinary and serum values in younger women (Fig. 4) .
DiscussIon
Our findingsconfirm and extend the potential of urinary hormone measurement. (24) (25) (26) . We have found this assay to be equally sensitive for urine specimens, and use of this medium does not disrupt conformation of samples' results to the calibration curve. Moreover, preservation of urine samples with 70 milL glycerol and subsequent storage at -20#{176}C compares favorably with the more time-consuming method of acetone extraction. These findings are in agreement with a previous study (15). Our glycerol concentrations exceeded slightly the 0.52 mol/L concentration previously reported, because of the convenience we found in predepositing glycerol into the tubes to yield a final concentration of 70 milL. Such tubes can then be given to volunteers, who can collect first-voided urine samples at home. These samples can be frozen and brought to the laboratory at the convenience of the volunteers, which enables them to collect up to several months of samples at a time.
DELFIA LII assay has two formats, which vary in the length of the incubation. We used the longer DELFIA LII assay, which requires a 2-h initial incubation. This 2-h incubation (as opposed to the 45-mm incubation of the LII Spec assay) allows for a larger number of samples to be measured without drift (27 Qualitatively, the dynamics of the normal cycle were meticulously reproduced. Our finding of similar concentrations of LH and FSH in urine and serum supports earlier work that established the validity of using first morning-voided urine instead of 24-h urine collection and serum measurement.
The close correlation between serum, first morning-voided urine, and 24-h collections was based on acid-acetone extraction of urine, measurement of gonadotropins by conventional RIA, and normalization for creatinine (4). In another study, timed 3-h urine collections were also found to correlate with serum gonadotropin concentrations before and after testing with LII-releasing hormone (5). In the present study, we used first-void morning samples, preserved in glycerol rather than extracted with acetone, without any loss of precision and a large gain in time saved preparing the samples.
In summary, the characteristics of the IFMA described here make it a simple and appropriate choice for measurement of urinary gonadotropins. The use of glycerol to preserve these specimens allows not only for long-term storage but also for long-term specimen collection. This combination of methods makes long-term longitudinal studies possible and makes urinary measurement of gonadotropins feasible and simple.
